This study explores the motivations and barriers for participation and persistence in an innovative citizen science pilot project with Virginia Master Naturalist volunteers. The project combines self-guided online training, in-person meetings, and collaboration through social networking and "mental modeling" to support on-the-ground development and execution of citizen science projects developed by participants. Results suggest that the two strongest motivators for volunteers to participate in the project were an interest in the environment and an interest in protecting a local natural resource. Our findings indicate that volunteers with more prior experience participating in citizen science projects and those with higher gross incomes were more likely to persist in the project. Our data also suggest that decisions to persist or drop out of the project were influenced by volunteers' time commitment, their ability to use the online tools, the perceived relevance of the resources, and the saliency of the project. Projects that arose from pre-existing environmental issues seemed to be more salient and may have enhanced volunteer persistence. We discuss the influence of our findings and the implications for the development of future citizen science projects.
Introduction
Participation in citizen science projects has been on the rise in recent decades (Shirk et al. 2012) . Members of the public can participate in projects spanning many different contexts, spatial scales, and areas of interest. With increases in web-based citizen science projects and tools alongside traditional efforts, the possibilities for participation may seem limitless Tulloch et al. 2013) . Individuals' participation in citizen science efforts can vary dramatically, from collecting data for someone else's project to working alongside researchers to develop and execute nearly every part of a project. However, there is a general dearth of knowledge about what motivates individuals to participate in different types of citizen science efforts, particularly co-created projects, and why some individuals persist when others drop out. We sought to examine the motivations and barriers to participation in a pilot project designed to blend online cyberlearning resources and online collaborative tools with traditional in-person efforts to support volunteers' development and delivery of co-created citizen science projects.
Citizen science projects have been defined as ranging along a spectrum of contributory, collaborative, and co-created projects. Contributory projects are generally designed by scientists, and members of the public contribute to such projects primarily through data collection. While collaborative projects are also designed by scientists and involve data contributions by the public, the public may be involved in project refinement, design, data analysis, or the sharing of results. Co-created projects are designed by scientists and members of the public working together, where at least some of the participants are actively involved in most, if not all, steps of the research process (Bonney et al. 2009a ). Co-created citizen science projects represent the highest level of volunteer engagement (Shirk et al. 2012) , and alongside collaborative projects, may provide a platform to reach new audiences with topics and approaches that are relevant to individual and community needs and interests (Bonney et al. 2009a ). However, the move of currently engaged volunteers from projects that are largely contributory toward more co-created projects is slow ).
Previous research on citizen science projects shows numerous possible outcomes for individuals (e.g., increased knowledge, skills), the scientific field at-large (e.g., increased capacity for accurate data collection, advancement of scientific understanding) and for socioecological systems (e.g., potential increased trust among stakeholders, faster decision-making responses; see Shirk et al. 2012) . Participation in co-created projects also may provide individuals with a greater understanding of the scientific process, their community structure, social context, environmental regulation, and opportunities to communicate their findings to the public (Bonney et al. 2016) . Some drawbacks to co-created projects include a higher investment of time required by those managing the project and serving in supporting roles (e.g., scientists, subject-matter experts) and the potential for slower project completion (Bonney et al. 2009a; Wilderman et al. 2004) . Increased social interactions are often necessary in co-created projects to deepen understanding and sustain participation, and these may be viewed as either a motivation or barrier to participation for those working on the project (Shirk et al. 2012) .
Self-determination theory offers a theoretical lens with which to examine motivations and barriers to participate and persist in such projects (Ryan and Deci 2000a; Ryan and Deci 2000b) . According to this theory, intrinsic motivation is enhanced in situations that heighten feelings of competence, autonomy, and relatedness. Thus, individuals may be more likely to persist in co-created projects if they are able to overcome challenges (competence), have opportunities for self-direction (autonomy), and feel a sense of belonging (relatedness). Intrinsic motivation may serve as an initial driver toward participation, but it also may develop in the course of working on a project, which may encourage participant persistence even in the face of project challenges.
Research on the factors that motivate participation and retention in citizen science projects is still in its infancy, but existing data show some distinctions between motivations for participating in field-based versus online, crowdsourced projects. Previous studies on local, community-based citizen science projects have shown that opportunities for in-person social interaction among participants, conservation of natural resources, and fulfillment of a general interest in conservation are common motivators for participation (Bradford and Israel 2004; King and Lynch 1998) . In contrast, research on online, crowdsourced citizen science projects has shown that contributing to scientific research and bolstering participants' online reputations are important motivators (Nov et al. 2014; Raddick et al. 2010; Raddick et al. 2014) . Moreover, participant motivations have been shown to fluctuate over the course of an online project (Rotman et al. 2012) and to differ based on the quality or quantity of participation in online environments (Nov et al. 2014 ). Many of these purely online, crowdsourced citizen science projects are broadly focused on science, technology, engineering, and mathematics (STEM) topics, while community-based projects are often focused on local environments and their natural history. Motivations and barriers to participation may differ depending on the project focus, regardless of whether the project is primarily in-person or online .
Recruitment and retention are major challenges in any citizen science effort, but research on online, crowdsourced projects demonstrate exceptionally high turnover rates (Butler 2001; Chiu et al. 2006; Crimmins et al. 2014; Nov et al. Anderson 2011) . Matching project activities with volunteer motivations may be the best method for achieving volunteer satisfaction and retention and also may enhance recruitment for individuals with diverse interests and backgrounds (Chu et al. 2012; Stukas et al. 2009 ). Two studies on engaging new audiences in citizen science projects revealed that the highest level of interest arose from projects that were highly relevant to the pressing needs and issues of the community (Bonney et al. 2009a; Garibay 2004; Garibay 2009 ). Citizen science projects that align with participants' existing hobbies, previously existing interests, or previous engagement in other activities also may increase the salience and motivation to participate (Bonney et al. 2009a; Rotman et al. 2012) .
Once individuals are recruited, effective training and collaborative learning may be strong contributors to enhanced citizen science participation, particularly in co-created projects. Online tools and resources provide a cost-effective option for that training (Ellul et al. 2001; Lye et al. 2012; Silvertown et al. 2013; Sunde and Jessen 2013) . Augmenting cyberlearning with social media tools in citizen science projects may provide opportunities to bridge seemingly divergent motivations across diverse participants.
One tool designed to allow individuals or mediated groups to engage in collaborative learning that may be particularly useful in co-created projects is mental modeling . This technique uses fuzzy-logic cognitive mapping (Kosko 1986 ) in which participants develop concept maps of components of their system of interest, the positive and negative relationships of components within that system, and the relative strengths of those relationships (e.g., high, medium, low) . Collaborative learning through mental modeling has been used in group settings to model the structure and function of a range of systems related to complex environmental issues, which can assist in planning efforts such as coastal disaster planning (see Gray et al. 2015; Gray et al. 2017; Henly-Shepard et al. 2015) .
Collaborative learning also can foster communities of practice for those working on the project (Lave and Wenger 1991) . In this setting, a community of practice refers to the social interactions that take place during the process of developing and executing a co-created citizen science project that moves people from novice at the start to more knowledgeable and skillful over time. Communities of practice may emerge in both fieldbased and online settings, and developing a sense of community between scientists and participants in online environments may be particularly important (Bell et al. 2008; Clary and Snyder 1999; Ryan et al. 2001; Newman et al. 2017; Mankowski et al. 2011) . Participating in such a community may lead to shifts in participant identities that become more aligned with the project (Lave and Wenger 1991) . These positive social interactions can bolster an individuals' sense of relatedness, which can further enhance their motivation for the project (Ryan and Deci 2000a; Ryan and Deci 2000b) .
In this study, we investigate the motivations and barriers for volunteers' participation in a pilot project that combines cyberlearning and traditional in-person resources to support volunteers in the development and execution of co-created citizen science projects. The cyberlearning components include self-guided online training; collaboration through social networking; and mental modeling. These web-based resources are used in tandem with in-person training and meetings to facilitate the work of citizen scientists in developing, executing, and evaluating their co-created projects. We are particularly interested in how this unique blend of online and in-person resources may sustain or enhance volunteers' motivation to persist in the project by addressing individual's needs for competence, autonomy, and relatedness (Ryan and Deci 2000a; Ryan & Deci 200b) .
Methods
The Virginia Master Naturalist (VMN) program is a community-based volunteer program that engages volunteers in environmental education, stewardship, and citizen science projects across the state of Virginia, USA. Through local chapters, VMN volunteers train and serve alongside a myriad of partnering groups and organizations to address locally relevant conservation needs. In 2015, volunteers contributed more than 35,500 hours toward a range of citizen science projects supporting local, state, and national initiatives (Prysby 2015) . Volunteers in the VMN program display demographic characteristics that are representative of participants of many citizen science projects: Predominantly white, female, highly educated, and over 50 years of age (Merenlender et al. 2016) .
Our pilot project augmented traditional teaching methods and project resources currently used in VMN citizen science projects with an online, collaborative learning approach. We aimed to provide a new suite of online resources to be used alongside traditional methods to motivate volunteers to develop co-created citizen science projects to benefit their local communities. All online project components were facilitated on a webbased platform with each project having its own site (see Gray et al. 2017) . To recruit participants for this project, VMN staff sent emails to all VMN volunteers and chapter leaders to encourage participation. They also delivered presentations at local VMN chapters and statewide events. Recruitment began in January 2013 and concluded in January 2015.
Approximately eight hours of self-guided online training videos and in-person meetings provided information about the scientific method, ecosystem functions, adaptive management techniques, using mental models, and project assessment. Each online training session was followed by a short test for participants to evaluate their knowledge of the content. The online training was self-paced and completed before interested volunteers came together to collaborate and ultimately develop their local citizen science project. The process that each group followed during project development mirrored five steps in adaptive management: (1) discuss; (2) plan; (3) implement; (4) evaluate; and (5) share Foundations of Success 2009) .
During the first and second steps, volunteers were encouraged to exchange ideas with each other, key stakeholders, and subject-matter experts using online discussion forums and/or in-person meetings to define a conservation issue of concern for their local community. Some participants entered the project with a clear issue in mind whereas others did not. They articulated their ideas and understanding of the issue through individual and collaborative modeling (Gray et al. 2013) . Modeling was facilitated by the online Mental Modeler software tool embedded in our project website (Gray et al. 2013) .
Mental Modeler allowed individual volunteers an opportunity to represent the dynamics of a targeted environmental problem, share ideas collaboratively, discuss models with other project stakeholders (e.g., participants, site managers, subject-matter experts), and revise these models to inform project goals and project design. Individuals first began using the software to develop their own individual mental models representing their understanding of the key components and relationships associated with their issue. Next, the entire group came together to develop a single collaborative group model. To facilitate group engagement with the modeling software and encourage meaningful discussion, the group mental modeling sessions were synchronous and led by members of the research team either in person or using online video conference software (e.g., WebEx). Specific subject matter experts were sought out and engaged by the volunteers and contributed expertise and guidance through email exchanges, phone conversations, in-person meetings, and mental modeling sessions.
We gave project participants multiple opportunities to revise and discuss their problem definitions and models as they worked alongside other stakeholders to finalize the detailed plan for their co-created citizen science projects. Participants created their own individual mental models to represent their understanding of the complexities of this issue and then came together to collaboratively develop a single group model. An example of a collaborative mental model developed by a volunteer group interested in investigating potential solutions for Johnson grass (Sorghum halepense) removal and native grass restoration at a national monument site is provided in Figure 1 . Conversations by project volunteers and park staff and an expert on grassland plant management prior to the modeling sessions revealed key considerations in research design, possible removal treatments, and candidates for native species to use in restoration. Two collaborative group modeling sessions allowed the volunteers to formalize their understanding of key components and drivers of this issue before they formulated their project plan (e.g., experimental design, research questions) in concert with those key stakeholders.
At step three (implement), each group executed its citizen science project, which may have consisted of field work, applying different treatments through experimental design, collecting data, and analyzing data with respect to research questions.
Step four (evaluate) was an iterative process in which participants reflected on the successes and failures of the project design, how best to address findings from data analysis moving forward, and elements requiring adjustment and re-design. Participants also self-evaluated the extent to which the environmental and social goals of the project were reached. Finally, participants were encouraged to share lessons learned from working on their project with other citizen scientists via the website.
To examine volunteer participation and persistence, two of the authors (serving as volunteer co-created project coordinators) developed a survey consisting of 27 questions focused on participant motivations, scientific knowledge, self-efficacy, previous experiences related to the project, and demographic information. Because the survey was distributed at a very early stage in the project, we used questions adapted from previous research and from prior experience in similar projects (Bradford and Israel 2004; Brossard et al. 2005; Crall et al. 2013; King and Lynch 1998) . The prospective volunteers were given a choice of a paper or online survey. Sixteen volunteers took the paper survey and 47 took the online survey. Because 11 volunteers did not complete the majority of the survey, we removed them prior to analysis, resulting in a final sample of 52 volunteers. The survey questions are available as a supplementary file.
Participants responded to survey questions about their level of prior experience in activities relevant to the project using a four-point Likert-type scale, ranging from "none" to "lots" (Table 1 ) and the frequency in which they participated in these activities, using a seven-point Likerttype scale ranging from "almost never" to "daily" ( Table 2 ). These survey questions provide an indirect measurement of competency as defined by self-determination theory. To assess motivations, survey participants ranked their primary, secondary, and tertiary motivations to participate from a list of seven potential motivators taken from previous research ( Table 3 ; Bradford and Israel 2004; Crall et al. 2013; Cox et al. 2015; Curtis 2015; Land-Zandstra et al. 2016; Raddick et al. 2010; Wright et al. 2015) . We included one "other" open-ended category so that individuals could provide responses not on the list. Demographic survey items (i.e., gender, age, race, education, income, and employment status) also were included at the end of the survey. Survey data were analyzed with descriptive statistics, and an independent-samples t-test analysis was used to compare the responses of drop-outs to volunteers who persisted.
Out of the 63 volunteers who began the project, 36 persisted through training and project participation, whereas 27 dropped out at some stage of the training or project implementation. As such, the dropout rate for this project was 43%. Of the 52 volunteers who completed the survey, 34 remained in the project and 18 did not. Participants who completed the survey were representative of the demographics of those who started in the project. To better understand the dropout rate, two members of the research team conducted semi-structured telephone interviews with individuals who dropped out to learn more about their motivations and barriers to participation. We contacted all of the volunteers who completed the training but dropped out (N = 21) in addition to other volunteers who dropped out prior to completing the training. Fifteen interviews were conducted (56% response rate of all who dropped out). Of those interviewed, seven volunteers completed the training and started a project (47% of total interview respondents).
Interview questions gathered data on the overall participant experience, experience with the website and associated tools, what participants learned through working with a team, and suggestions for project improvement to facilitate higher retention rates.
Participants were asked about their goals for participating, and if they did participate, whether their goals were met. Participants ranked seven pre-defined motivations for participating in the project derived from a study by Bruyere and Rappe (2007) for comparison. The question read: "Please rank each of the following motivators as a high, medium, or low motivator to join the project: (1) allow me to work in or improve an area I care about; (2) help the environment; (3) work on an interesting project; (4) learn about nature; (5) makes me feel happy or good; (6) meet people/work with friends; (7) experience that Interview responses were then coded using a thematic analysis by one of the authors. Self-determination theory also was applied after these analyses had been completed to provide a theoretical framework with which to examine elements of competence, autonomy, and relatedness that emerged from the initial interview analysis.
Results

Pre-experience survey
Results from the survey (N = 52) showed a demographic profile of participants similar to other related citizen science programs (Merenlender et al. 2016 ): Predominantly white (95.8%); highly educated, achieved a degree beyond high school (95.9%); and $50,000 (USD) or more in annual gross total income (66.7%). Forty-nine percent were female (three respondents chose not to disclose gender), 90% were 50 years or older, and many were retired from their primary career (75.5%). Only two respondents were under the age of 40. Fifteen respondents had obtained masters degrees and seven respondents had obtained terminal degrees (e.g., PhD, MD, JD). Survey responses for participants' prior experience with activities associated with this pilot project are summarized in Table 1 and Table 2 . These data provide some insights into the potential level of expertise of participants prior to beginning the project and which aspects of the project aligned most closely with their prior activities. More than 64% of respondents reported having lots of experience using computers and searching the Internet (Table 1) . Volunteers' experience using social networking sites was more evenly distributed, with 22.6% of the respondents having lots of experience using social networking sites and 26.4% having none. Participants had less experience evaluating, planning or leading, and sharing the results of a conservation project, although many volunteers had some level of experience participating in conservation projects and conducting fieldwork. Most volunteers spent a lot of time searching for information online and a lot of time outdoors in natural settings ( Table 2) . Although most did not spend a lot of time in political activism, attending community events related to environmental issues, or creating volunteer projects focused on the environment, more than half of respondents did some level of these activities. Furthermore, prior participation in citizen science projects and educating others about environmental issues was extremely diverse, with over 75% of respondents reporting some level of participation associated with these two activities. As such, the volunteers in this project represent an already active group of citizens, potentially through their involvement with the VMN program.
Respondents ranked "interest in the environment" and "interest in protecting a local natural area or resource" as their primary motivators to participate in the project (Table 3) . Of the two, interest in the environment was the most frequently reported. Few respondents were primarily motivated by an "interest in citizen science" or "curiosity." Interest in citizen science was, however, a commonly cited secondary and tertiary motivator. Only five respondents wrote in a motivator not included in the list. However, these responses were recoded into closed-ended answers because of their obvious alignment with the closed-ended response options.
Comparisons of volunteers who dropped out versus persisted. An independent samples t-test analysis was performed on pre-survey data to compare participants who dropped out of the project (N = 18) to those who persisted (N = 34). These analyses yielded no statistically significant differences between motivations for participants who dropped out versus those who persisted. However, two statistically significant differences were found between the prior activities of the two groups. First, volunteers who persisted in the project had a higher frequency of past participation in citizen science projects (M = 3.69, SD = 1.69) prior to starting the project compared with those who dropped out (M = 2.50, SD = 1.43, t(48) = 2.51, p = .015, two-tailed). Volunteers who remained in the project had previously participated in citizen science projects, on average, nearly 2-3 times a month. Those who did not remain in the project, on average, did so less than once a month. Second, participants who remained in the project also had a higher gross income (M = 3.96, SD = 1.53) than those who dropped out (M = 2.86, SD = 1.41, t(40) = 2.27, p = .029, two-tailed). Gross income was measured on a six-point Likert-type scale that ranged from "less than $20,000" to "more than $150,000." Volunteers who remained in the project had an average reported gross income of $80,000 to $99,999, whereas volunteers who dropped out had an average reported gross income of $50,000 to $79,999.
Interviews with volunteers who dropped out
The drop-out interviews revealed four major themes related to volunteer retention in this project: Time commitment; struggles with the online components; lack of tangible, real-world project impact; and limited social interactions. Self-determination theory (SDT), with its emphasis on intrinsic motivation arising from competence, autonomy, and relatedness, provides a theoretical lens with which to examine these themes (Ryan and Deci 2000a; Ryan and Deci 2000b) . Some participants questioned their ability to complete various activities associated with this project (competence), felt somewhat forced into creating a project from scratch or to follow the structure of this pilot project (autonomy), and were unable to find support through social interaction or to identify roles and responsibilities that were salient (relatedness). Direct quotations from participants are included to provide evidence for these key themes, and nuances within each (called sub-themes).
Additional excerpts from participant interviews providing further evidence are referenced with each associated theme, or sub-theme, and can be found in Table 4.   Table 4 : Participant interview quotes supporting the four major themes related to volunteer retention in this project. Time commitment. A lack of time was the most commonly cited barrier during interviews with volunteers who dropped out of this project. None of the participants interviewed completed the suite of in-person meetings, self-guided online trainings, and modeling sessions associated with the project. During volunteer recruitment, it was estimated that these activities would take eight hours to complete. The self-guided online trainings appeared to take some volunteers longer than anticipated. Table 4 , sub-themes 5 and 6). Ultimately, some volunteers were left with the feeling that they didn't have the support needed to fully engage with the online resources. Two volunteers summarized by stating "I felt like the way we did it, we were sort of grasping at things" and "us older people, we are good students, we take it all in, but we're not used to getting involved and starting an online forum, I've never done that…."
Lack of tangible, real-world impact. Seven out of the 15 participants interviewed wanted more relevant hands-on work during the project, particularly during the online training and modeling sessions ( Table 4 , sub-theme 7). Many of these participants felt disconnected from the content, even uncertain of how the tools in this pilot project would help them develop a co-created project of their own. Two volunteers clearly didn't see the relevance of the tools by saying "… I started spending a great deal of time, and struggling, and stressing, and just couldn ' Table 4 , sub-theme 8).
Not having an issue or citizen science project previously identified was a barrier for five out of the 15 respondents interviewed ( Table 4 , sub-theme 9). These volunteers struggled with the relevance of developing a project from scratch without having all of the pieces already in place. As one respondent put it, "I think a lot of volunteers are more goal oriented, okay, give them a specific project and say this is your job, and they'll happily go do it, assuming it's in an area that interests them, but it's a bit much to ask most people to invent the wheel." Another volunteer stated "I'm really into plant ID, and a lot of the work I do is clearing brush from areas … but nothing has occurred to me for research that should be done around that … so I didn't see any point in spending my time going through a course teaching me how to do research when I don't have any idea of a project to do." Rather than theorizing or hypothesizing about how a project might work using the online collaborative resources, some volunteers preferred to skip ahead to taking hands-on practical action that they felt might lead to a meaningful impact ( Table 4 , sub-theme 10). As two volunteers said, "I spend enough time on the computer as it is, and the thought of doing a full online course, is like, you must be kidding" and "myself, and most of the master naturalists that are in our group, just want to do hands-on kinds of things, I'm not so sure we want to do all that kind of research piece."
Limited social interactions. The limited social interaction during the training sessions was a disappointment for four respondents ( Table 4 , sub-theme 11). As one volunteer stated, "when I was taking the training, I really felt like the Lone Ranger." Building a relationship with others, particularly knowledgeable individuals, was a primary motivator for one of these volunteers to join the project who said, "honestly, one of the big reasons why I got involved in the training in the first place is relationships, relationships are important to me." While only two respondents mentioned the limited social interaction as a high barrier to continuing in the project, it appeared to be at least a contributing factor leading to dropping out for some volunteers.
Discussion
This project developed a series of online cyberlearning tools to be used by volunteers in the development, execution, and evaluation of their own co-created citizen science projects. The most commonly reported primary motivations for volunteer participation in this project included helping the environment and protecting a local natural area or resource. These findings reflect similar motivations to participation from other studies (e.g., Bruyere and Rappe 2007; Clary et al.1996; Jordan et al. 2011 , Phillips et al. 2006 Ryan et al. 2001; West et al. 2015) . However, the dropout rates in this project suggest a mismatch between some participants' motivations and the project's design, the motivations of some participants and project managers, and project managers' assumptions of the use of new technologies and procedures by some participants .
A comparison of motivations to participate in the project between participants who dropped out and those who persisted did not reveal any statistically significant differences. Those with more prior experience in citizen science projects, however, tended to persist. More experienced participants may have been more strongly motivated to expand their role and go deeper into the project, whereas less experienced participants may have found the intensity of the project undesirable. This is in line with prior research that suggests that participants with higher familiarity in a particular setting tend to be better oriented and can focus more attention on tasks at hand (Moscardo 1999) . More prior experience also may suggest greater competence associated with project activities motivating more seasoned volunteers to persist in the project (Ryan and Deci 2000a; Ryan and Deci 2000b) . Project managers should thus recognize the potential implications of participants' prior relevant experience on the learning curve associated with using new technology and the rigors for developing co-created citizen science projects. Additional resources and assistance may be required for volunteers with less prior experience to ensure adequate support for their efforts.
From a technology perspective, previous experience, such as regular use of a computer and searching the Internet for information, may not necessarily transfer to competency with other online applications. Interviews with participants who dropped out of this project commonly reported frustration with the amount of time spent in the online environment, even though online trainings and tools were designed with the intent of supporting collaboration and the development of on-theground projects. A lack of time and volunteer fatigue are common barriers reported in online learning (Higgins and Shackleton 2015; Park and Choi 2009; Muilenburg and Berge 2005) , and project managers must ensure that new technologies do not alienate citizen scientists more accustomed to traditional approaches . Online resources that are efficient, in addition to being relevant, user-friendly, and enjoyable, are likely important for retention. Volunteers should be made aware of expected time commitments upfront and be provided with clear instructions and sufficient support to enhance competency should complications arise.
Many volunteers had some experience conducting fieldwork and working on conservation projects, but few had substantial experience planning or leading conservation projects, sharing results, or evaluating project success-elements that were key aspects to developing co-created projects within this effort. Interviews with participants who dropped out of the project revealed that many felt overwhelmed, overworked, or had difficulty finding a comfortable role within the project. This may have been particularly acute for those who had less prior citizen science experience. Future project managers could consider different options for involvement (e.g., data collection only) to suit individuals who may want to make a contribution to the project but have little time available to lead or help develop one (Amichai-Hamburger 2008; Eveleigh et al. 2014; Farquhar and Wing 2008) . Such options may enhance participants' sense of autonomy over their role(s) within the project and ensure that critical competencies are met prior to assuming different roles within the project (Ryan and Deci 2000a; Ryan and Deci 2000b) .
The motivations for citizen science participants within the same project can vary dramatically (Clary and Snyder 1999) and may change over time . Offering varying levels and types of engagement for diverse participants may provide comfortable entry points from which they can begin to try new things, foster new interests, and deepen their engagement (Bonney et al. 2009a; Everett and Geoghegan 2016) . A study by Geoghegan et al. (2016) suggests that motivations change over time for some citizen science participants and that these changes can lead to movement from more passive roles to active roles in a project. Project managers should consider the ways in which they move people from collecting data to developing citizen science projects and at each level meet individual needs for competency (e.g., they feel like they can meet the challenge at the next level), autonomy (e.g., they have a choice to advance to the next level), and relatedness (e.g., they feel a sense of belonging at the next level) (Ryan and Deci 2000a; Ryan and Deci 2000b) .
Research from the broader informal learning field, in particular environmental education and interpretation, suggests that project-based, experiential work that is relevant to participants can lead to high levels of engagement and generally more positive outcomes (Ardoin et al. 2013; Athman and Monroe 2002; Ballantyne and Packer 2009; Beck and Cable 2002; Brochu and Merriman 2002; Ham 1992; Heimlich and Norland 1994; Stern and Powell 2013; Stern et al. 2014) . Research in the field of citizen science reveals much the same (Garibay 2004; Garibay 2009; Rotman et al. 2012) , and co-created citizen projects commonly arise in response to a relevant environmental or health crisis at the community level (Bonney et al. 2009a ). Working on a pressing issue may have increased the salience of the online resources and motivated some participants to persevere through challenges encountered during their use.
Experiential learning and social interactions form the basis for the development of a community of practice, in which social interactions can increase motivations for involvement as people begin to identify themselves as members of a community and ultimately become highly skilled (Lave and Wenger 1991) . In the development of such communities, novice participants move from peripheral participation in the learning community to more central participation as they become more active and engaged within that community. In this view, learning is strongly enhanced by social interaction and collaboration, potentially leading to a stronger sense of relatedness (Ryan and Deci 2000a; Ryan and Deci 2000b) . As individuals become more central, the need to invest greater commitments of time, effort, and responsibility may be required to develop a strong identity as a member of the community (Wenger 1998) .
It was our hope that participants would use the resources and tools in this pilot project to build upon their previous knowledge and through these collaborative efforts to move into more central roles developing a co-created citizen science project of their own. Two main barriers inhibited this development for some participants. First, the online environment proved a less natural setting for meaningful social interaction for some participants. Second, some volunteers struggled to see the value of the online resources if they didn't have an immediate, personally relevant, tangible project already in mind to which to apply the key concepts and tools. This lack of relevance may have prohibited some volunteers from seeing the benefits of moving deeper into this community such that they dropped out of the project.
Based on these findings, we restructured our project to minimize these potential barriers to participation and to increase the relevance of the project to participants (see Gray et al. 2017; Newman et al. 2017) . It is important for project managers to consider how a project impacts the participants themselves and to make adjustments to its procedural and communication approaches to sustain participation and increase satisfaction West and Pateman 2016) . First, we eliminated the online training sessions, which were both time consuming and, while enjoyed by some participants, clearly were not meaningful or relevant to others. Many volunteers reported finding the information they needed from each other, subject-matter experts, site managers, and local and online resources instead of through our training videos. As such, participants were able to increase their autonomy and have some control over identifying the most relevant competencies they needed to increase so they could develop and execute their co-created projects. Second, we allowed volunteers to use alternative ways to engage with the online cyberlearning tools, thereby enhancing their sense of autonomy over their experience. For example, some participants developed their individual mental models on paper prior to re-engaging with the software at a later time during collaborative group modeling sessions. Some studies suggest that breaking down more complex tasks into smaller building blocks (Eveleigh et al., 2014; Rotman et al. 2012 ) may reduce anxiety by providing a scaffolding approach (Nov et al. 2011; Derrick 2003) to build up to more intricate tasks. We also provided additional assistance through the development of how-to-guides and training sessions to ensure volunteers had the necessary information to build their competencies regarding the use of online tools. We received notifications from volunteers who had issues accessing or using the project website; we worked on troubleshooting those issues and on promoting a sense of relatedness and community between project researchers and the volunteers working within it. We are currently in the process of making final revisions to the website and resources for future widespread use.
Conclusion
Web-based cyberlearning tools are innovative and exciting resources that have the potential to support volunteers' development and execution of co-created citizen science projects. This study has revealed some insights into the motivations for initial participation and potential reasons for participant dropout. Volunteers were primarily motivated to participate because of an interest in the environment and an interest in protection of an area they care about. Co-created projects that are salient with individuals appear to be critically important in motivating participation. Dropouts cited the high time commitment, struggles using the online trainings and collaborative tools, and an inability to find a role that fit their prior knowledge and interests within the project. The findings suggest the importance of streamlining online trainings and collaborative resources as much as possible, ensuring that they are easy and fun to use, and linking them directly to a tangible project of interest to participants. Volunteers should have access to, and an understanding of, the diverse roles that are available within a co-created citizen science project. Project managers should provide a clear pathway for further advancement within a project and be adaptable with the implementation of a suite of tools and resources intended to support individuals' needs for competence, autonomy, and relatedness to motivate sustained and increased participation. Many of the volunteers who started this project persisted through the online trainings and used the online tools (e.g., Mental Modeling) to develop and implement co-created citizen science projects. As such, we believe that using online and on-the-ground citizen science approaches have promise for transitioning volunteers from the role of data collectors toward co-creators of meaningful citizen science projects.
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